Objective: To compare 3-day vs 7-day antimicrobial treatment for asymptomatic bacteriuria in pregnant women in a pilot study.
INTRODUCTION
Asymptomatic bacteriuria (ASB) affects 2-14% of pregnancies annually in the United States [1, 2] . This translates to 80,000-400,000 cases a year [3] . The traditional diagnostic criteria of significant bacteriuria included cultures of 10 colony forming units (cfu)/mL of a single uropathogen on two consecutive clean catch urine specimens [4, 5] . However, recent evidence suggests that lower colony counts (>10) demonstrate infection that will predispose to the development of pyelonephritis in pregnancy [1, 6, 7] . In pregnancy, the presence of ASB has been found to increase the risk of preterm delivery, infants of low birth weight [8] and other adverse perinatal outcomes [9] . Antibiotic treatment of ASB in pregnancy has been shown to significantly lower the risk of preterm labor when compared to untreated counterparts [10] . Furthermore, pregnant women are at an increased risk for the development of symptomatic urinary tract infections resulting from ASB than their non--pregnant counterparts. It is estimated that 30-50% of women with a diagnosis of ASB in pregnancy will progress to a symptomatic infection [11] . Routine screening and treatment for ASB in pregnancy to prevent progression to pyelonephritis has been shown to be both beneficial and cost-effective [12] . Appropriate treatment of ASB in pregnancy decreases the progression rate of pyelonephritis down to 3% [13] , emphasizing the importance of insuring adequate treatment. Pyelonephritis in pregnancy is associated with an increase in both maternal and fetal morbidities [13] [14] [15] .
The current prevailing practice for treatment of ASB in pregnancy is a 7-day course of an oral antimicrobial agent [4, 5, [16] [17] [18] . There is no consensus on the appropriate first-line therapy for ASB in pregnancy [19] . If bacteriuria persists, a repeat 7 or 14 day course is prescribed. In non-pregnant women, short course antibiotics have become routine in the treatment of even symptomatic bacteriuria, or cystitis [20] [21] [22] . After a meta-analysis of the literature, the Infectious Disease Society of America (IDSA) issued committee guidelines supporting the efficacy of a 3-day course of an appropriate antimicrobial for treatment of cystitis in nonpregnant women [23] . Short course therapy carries with it the benefits of decreased healthcare costs, fewer side effects, and increased patient compliance [24] . We undertook this pilot study to determine the feasibility of the 3-day short course antimicrobial treatment to the pregnant population diagnosed with ASB.
MATERIALS AND METHODOLOGY
The single institution study was conducted at the Women's and Children's Hospital of the Los Angeles County + University of Southern California Hospital system as well as at Good Samaritan Hospital, both located in Los Angeles, CA. Our intent was to conduct a pilot trial given that at the time of study initiation, there are no previous reports in the literature for short-course treatment of ASB in pregnancy. Approval was obtained from the Institutional Review Board of both institutions and written informed consent obtained from all participants. Subjects were recruited from the prenatal clinics at both hospitals for this prospective randomized controlled trial from 2000 to 2004. Routine urine dipstick, performed at every prenatal visit, was sent for urine culture if suspicious for bacteriuria (positive nitrate, leukocyte esterase, and/or protein). Prior to obtaining urine culture sample, patients underwent education for use of disinfectant wipes and midstream clean-catch collection. Patients, at any gestational age, with a urine culture exhibiting bacterial growth >100,000 cfu/ml of a uropathogen and no symptoms of cystitis (dysuria, urgency, frequency, pyrexia) were enrolled. Additional inclusion criteria included pregnant women with a documented intrauterine pregnancy greater than 18 years of age, and the ability to provide informed consent. Exclusion criteria included the following: symptomatic bacteriuria at the time of enrollment, previously treated bacteriuria in the current pregnancy, congenital or acquired urinary tract anomaly, antibiotic use in the week prior to enrollment, glucose-6-phosphate dehydrogenase deficiency, allergy to nitrofurantoin, and pathogen insensitive to nitrofurantoin.
At the time of enrollment, initial data collection included maternal demographics (age, gravidity, parity, ethnicity, medical problems), and bacterial species isolated. Subjects were then randomized via a computer generated randomization algorithm to either a 3-day or 7-day antimicrobial course. Assignments were placed in sealed, opaque envelopes until which time a subject was enrolled, and the next envelope opened to make the assignment. The dosing regimens were not blinded due to financial resource limitations. The first line antimicrobial agent used was nitrofurantoin (Macrodantin®100mg QID or Macrobid® 100mg BID), chosen for the minimal uropathogen resistance to the drug in our institutions, as well as its high urinary concentration. The choice between one and the other formulation of nitrofurantoin was made at the discretion of the managing physician.
At the subsequent prenatal visit, two to four weeks after initiating treatment, a second midstream urine specimen was collected for repeat urine culture. This served as a test of cure (TOC). Patients with urine cultures that demonstrated persistent bacteriuria (urine culture demonstrating any growth of the same uropathogen) were considered failed treatment and received an additional 7-day course of antimicrobial therapy based on bacterial sensitivities. Secondary outcome measures included comparison of the two treatment groups for persistent or recurrent asymptomatic bacteriuria (after treatment, incidence of symptomatic bacteriuria (cystitis or pyelonephritis), gestational age at delivery, infant birth weight, neonatal intensive care admissions, and incidence of preterm delivery. We diagnosed acute pyelonephritis based on the presence of fever (temperature of 100.4 degrees Fahrenheit), costovertebral angle tenderness, and urinalysis suggestive of infection (positive leukocyte esterase and nitrites). Uropathogens from these cultures were tabulated.
Statistical analyses were performed with the SPSS 13.0 statistical software pack (SPSS Inc., Chicago, IL). Student t test, Chi-square, and Fisher exact test were used where appropriate. A probability value of < .05 was considered significant.
RESULTS
A total of 60 gravid women were enrolled (Fig. 1) . Thirty-five subjects were randomized to 3-day treatment, while 25 were randomized to 7-day treatment. Forty-four women completed the trial so that full datasets were available on 24 women in the 3-day arm, and 20 women in the 7-day arm. As can be seen in Table 1 , the two groups did not significantly differ in respect to demographic characteristics, [gravidity, parity, gestational age at enrollment, race/ethnicity (data not shown)] with the exception of maternal age where a significant difference was noted between the 3-day and 7-day groups. The distribution of specific uropathogens and their specific colony counts did not differ between the two groups. E. coli was the most prevalent causative organism, cultured in 63.6% of all initial cultures, followed by E. faecalis (13.6%), S. agalactiae (7%), S. aureus (7%). For the primary outcome measure, persistent bacteriuria on TOC, no statistically significant difference was found between 3-day and 7-day treatment groups; however, those women receiving the 3-day regimen were 2.5 times more likely to demonstrate persistent bacteriuria than those treated with the 7-day regimen. No difference was noted between the two groups in the number of recurrent infections (p=0.57) or the development of pyelonephritis. For those subjects who developed pyelonephritis, the length of hospital stay (in days) was similar between treatment groups ( Table  2 ). The vast majority of these pyelonephritis cases were due to Escherichia coli (10/11, 90 developed pyelonephritis, three were found to have persistent bacteriuria after undergoing their initial treatment. These were two from the 3-day group and one from the 7-day group. Obstetrical and neonatal outcome measures of both groups did not differ significantly ( Table 3) . Both groups delivered at a similar gestational age, with a similar birth weight. One preterm birth occurred in the 7-day treatment group; an intrauterine fetal demise occurred at 23.6 weeks due to multiple congenital anomalies. It is unlikely that this occurrence was related to infectious causes or to the duration of treatment. In addition, the subject had successfully cleared the initial bacterium with treatment and did not experience any further infection during her pregnancy. Admissions to the Neonatal Intensive Care Unit (NICU) also did not differ between the two groups. The vast majority of these admissions were for suspected sepsis. 
DISCUSSION
The key finding of our limited data indicates that 3-day treatment of ASB in pregnancy is statistically equivalent to 7-day treatment; however, the clinical implications of a 25% chance of persistence compared to a 10% chance are marked and would suggest that this regimen is inferior to a longer duration of treatment. No significant difference was noted in the occurrence of persistent bacteriuria, recurrence, or in progression to pyelonephritis. Neonatal morbidities were also similar, including gestational age at delivery, birth weight and NICU admissions.
Our results should further be considered in light of the recent published World Health Organization trial evaluation 1-day vs 7-day nitrofurantoin treatment for asymptomatic bacteriuria in pregnancy. In that investigation, 778 women were recruited for participation in this international, multicenter trial. Three hundred eighty-six women were randomly assigned to 1-day treatment, and 392 women were assigned to 7-day treatment. Bacteriologic cure rates at treatment day 14 were 75.7% and 86.2% for 1-day and 7-day regimens, respectively. The cure rate difference was -10.5% (95% CI -16.1% to -4.9%). Interestingly, there were also differences in neonatal outcomes such that mean birth weight and mean gestational age at delivery were significantly lower in the 1-day regimen group. The authors concluded that pregnant women with ASB should be treated with 7-days of nitrofurantoin [18] .
Earlier studies examining short course therapy for ASB in pregnancy focused on single dose regimens [25] , which have been associated with higher rates of early recurrence by the original uropathogen [26, 27] . This is postulated to be secondary to incomplete eradication of the bacteria from the urinary tract, and potentially high colony counts from enteric repositories. Other "short course" treatment regimes include four-and five-day antimicrobial courses which were hypothesized to be more effective at complete eradication of bacteria from the urinary tract than the single dose regimen [26] . While randomized trials conclude that these regimens are effective, the studies, like this one, are limited by small sample sizes.
We acknowledge the limitations of this investigation. Although the results support prior studies indicating the usefulness of short-course antimicrobial therapy in ASB in pregnancy, by its nature as a pilot investigation, the current study was underpowered to exclude the role of chance influencing the results; comparability or lack thereof of the treatment groups was not fully proven [28] . Based on the results of our pilot investigation, using an alpha-error of 0.05, for 90% power, a total of 146 women in either treatment arm would be needed.
Our choice of antibiotics was also based on institutional history; a different antibiotic may have demonstrated greater efficacy [19] . Our diagnostic criterion for ASB was based on a single culture. We acknowledge that the recommendation of the IDSA [29] for the diagnosis of ASB is two urine cultures with colony counts which exceed 100,000/mL. Because of logistical difficulties that would require subjects to return to the clinic for repeat cultures, we based our diagnosis on a single sample. This may have led to over diagnosis of ASB and also led to the atypical assortment of uropathogens identified. Because the repeat urine cultures were not obtained in some subjects for up to four weeks after diagnosis of ASB, it is possible that some of these cases represented colonization, rather than persistence or lack of clinical effect of the prescribed antibiotic. Most TOCs, however, were obtained within two weeks of diagnosis. Some of the organisms may have been skin contaminants because of our urine collection methods. But, given randomization, we would expect equal distribution between the groups. Other collection methods such as urinary catheterization would not have been practical. Lastly, more than 25% of the subjects dropped out of the investigation, with proportionately more from the 3-day group than the 7-day group. Ideally, this would have not occurred. Nonetheless, we believe our study has merit as the only description of its kind for the treatment of ASB in pregnancy, and provides the basis for larger trials in the future.
Proven short-course therapy might prove beneficial in decreasing overall healthcare costs as well as improving patient compliance [30] . Currently, the annual direct cost of urinary tract infections in the United States approximates $1 billion, emphasizing the healthcare burden incurred by the 8 million women annually seeking healthcare for evaluation of urinary tract infections [31] [32] [33] . In light of the compelling results from the WHO trial of 1-day vs 7-day nitrofurantoin treatment for ASB which favor the longer course, future investigations may focus on differing choices of antibiotics rather than on the duration of antimicrobial treatment for ASB in pregnancy.
CONCLUSION
Based on this limited investigation, 3-day antimicrobial therapy appears inferior to 7-day treatment for ASB in pregnancy.
